Ehrlich's reagent (p-dimethylaminobenzaldehyde) has been extensively used for the biochemical detection of indole derivatives; correspondingly a histochemical method, incorporating this reagent, has been described by Lison (1936) for the demonstration of these compounds in tissues. In this method a reddish-violet pigment is formed by the condensation of p-dimethylaminobenzaldehyde (henceforth abbreviated to DAB) with the indole nucleus. However, this method lacks selectivity, since many other organic reagents are able to react with DAB to form red or yellow condensation products. This technique also lacks sensitivity, since, in spite of the wide distribution of the indole derivative tryptophane in the tissues, moderate to strong reactions are only given with fair consistency by Russell bodies and only irregularly by the layers of Huxley and Henle of the hair-shaft sheath (Pearse, 1953) . Several other aldehyde techniques for the histochemical demonstration of tryptophane have been introduced, such as the Romieu reaction (Blanchetiere and Romieu, 1931) , a modification of the VoisenetFurth reaction (Serra, 1946) , and an adaptation of the Bates reaction introduced by Kaufmann, McDonald, and Gay (1946) and Kaufmann, McDonald, Gay, Wilson, and Wyman (1947) . In this last method DAB was employed with the addition of sodium nitrate as an oxidizing agent. However, none of these techniques was recommended by Pearse (1953) , since the colour formed was unstable or, as well, too faint for accurate study.
In a different field DAB has been extensively employed for the biochemical estimation of either free or protein-bound tryptophane. In this colorimetric method a bright blue pigment is formed when condensation occurs between DAB and tryptophane, or certain other indole derivatives, in the presence of an oxidizing agent such as hydrogen peroxide, sodium nitrite, sodium nitrate, or copper sulphate (Portner and Hogl, 1953) . These authors recommended a method which employed nitrite as an oxidizing agent (Spies and Chambers, 1948) . This blue pigment was reported to be formed only from indole derivatives, such as tryptophane, with an attached side-chain at the " 3 " position, leaving the " 1 " and " 2 " positions of the pyrrole ring free (Giral and Laguna, 1950 Portner and Hogl, loc. cit.) . It has been suggested that the blue pigment may, in the case of indoles of similar structure to tryptophane, be an oxidation product of a fl-carboline (norharman) derivative formed by condensation and ring-closure of the indole with aldehydes ( Fig. 1 ). This has been partly confirmed by Harvey, Miller, and Robson (1941) , who showed that the characteristic blue pigment (" carboline-blue") could be formed by the oxidation of 2: 3: 4: 5-tetrahydro-fl-carboline-4-carboxylic acid, a colourless crystalline compound prepared by the interaction of formaldehyde and tryptophane. However, such a mechanism does not explain the formation of blue pigments from those 3-indolyl derivatives such as 3-methylindole and 3-indolylacetic acid, which possess insufficient carbon atoms in their side chain to complete the third ring (Fig. 1 ) of the fl-carboline nucleus. Nevertheless, in spite of the inexact knowledge of the mechanism of this reaction, the appearance of a blue pigment is regarded as a specific test for the detection of 3-indolyl derivatives.
On account of the specificity of this method for the demonstration of these compounds this paper is concerned with the histochemical adaptation of such a method, employing DAB and an oxidizing agent, in particular sodium nitrite as recommended by Portner and Hogl (loc. cit. All the reagents were prepared at a strength of about 1 g. per 100 ml.; when insoluble in water they were dissolved in 70% ethyl alcohol. A solution of DAB (5 g. per 100 ml.) in concentrated hydrochloric acid (S.G. 1.18) was prepared and 9 ml. was added to I ml. quantities of the solution of each substance tested. In each case the colour of any reaction product with DAB was noted, and any change of colour induced by oxidation with 0.05% sodium nitrite or nitrate was observed.
Histochemical Applications.-The tissues examined, obtained from the rat, human post-mortem and human surgical material, were usually fixed in 1% trichloracetic acid in 80% ethyl alcohol; occasionally fixation in 10% sulphosalicylic acid or 70% methylated alcohol was employed. After embedding in paraffin wax, sections were cut at 15 p, floated on to " albuminized," chromic acid-cleaned slides and then subjected to the following procedure:
(1) The sections were brought to absolute alcohol and then allowed to become just dry in the air at room temperature. As an alternative, sections were coated, after removal from alcohol, with a thin film of celloidin (0.25%), which was not allowed to become more than just dry before proceeding to the next stage.
(2) Next the sections were immersed in a 5% solution of DAB in concentrated hydrochloric acid (S.G. 1.18) for one minute.
(3) The sections were then transferred to a 1% solution of sodium nitrite in concentrated hydrochloric acid for a further period of one minute.
(4) Finally the sections were rinsed in absolute alcohol, washed in running tap-water for about half a minute, dehydrated in alcohol, and mounted in conventional mounting media.
In Since it was expected that the DAB-nitrite reaction would be weaker after formalin fixation, some tissues were fixed in 4% formaldehyde-saline for 12 hours and 14 days for comparison with alcohol-fixed tissues.
The effect,qf chromate-containing fixatives was also examtned. With a view to preventing this DAB-nitrite reaction by preliminary blockade, some sections were subjected to oxidation by performic acid (prepared according to Pearse, 1953) before immersion in the reagent mixtures; it was expected that tryptophane would be unavailable for reaction with DAB after immersion in performic acid, since this acid has. among the commonly-occurring amino-acids, a selective oxidant effect on tryptophane, cystine. and methionine (Toennies and Homiller, 1942 (a) Chemical Specificity.-From studies in vitro it was apparent that a blue reaction-product with DAB, in the presence of nitrite, was formed by 3-indolyl derivatives, such as tryptophane (3-indolylaminopropionic acid), tryptamine (3-indolylethylamine), serotonin (5-hydroxy-3-indolylethylamine), and 3-indolylacetic acid. Other amino-acids and organic compounds studied here formed reddish or yellow, but never blue, condensation products with DAB. These findings confirm those of Giral and Laguna (1950) (1953) , that the reaction of the 3-indolyl derivatives with DAB appeared to proceed in two stages, namely, (1) 3-indolyl derivative + DAB -> red condensation product, and (2) red condensation product + nitrite --intensely blue pigment. However, since the red condensation product of stage 1 became blue when allowed to become dry on paper, it may be inferred that atmospheric oxygen is able, although slowly, to effect the formation of the blue pigment of stage 2.
(b) Histochemical Method.-It was found, after various manceuvres had been tried, that the best result was obtained with the standard technique, that is, tissue sections were first allowed to react with DAB (dissolved in concentrated hydrochloric acid) and then subsequently exposed to nitrite, a reagent which was found to be far more effective in forming the blue oxidation pigment than sodium nitrate. This view would appear to be contradictory to that of Kaufmann and his colleagues (1946, 1947) , who were able to distinguish tryptophane-rich proteins from tryptophane-free histones by a similar technique, using weaker acid as a solvent for DAB and employing nitrate as an oxidizing agent. However, the method of these authors was found, here and by Pearse (1953) , to give only feeble reactions; moreover, it could well be argued that any success if impure samples of nitrate were employed might be due to contaminating traces of nitrite.
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Fixation in 1% trichloracetic acid in 80% ethyl alcohol was found to give the best results. Although fixation in 4% formaldehyde-saline for some 12 hours did not greatly reduce the depth of colour formed in the reaction, more prolonged exposure to this fixative led to a marked loss of intensity of the reaction. Thus it is likely that formalin, as an aldehyde, reacts with indoles in a similar way to DAB, but, in the absence of strong acids, more slowly and possibly incompletely. Likewise chromate-containing fixatives, probably on account of their strong oxidizing properties, almost completely prevented subsequent reaction with DAB. Therefore, in order to obtain consistent and strong reactions with this DAB-nitrite method alcoholic fixatives should be used rather than those containing formaldehyde. Chromatecontaining fixatives should never be employed.
Complete blockade of this DAB-nitrite reaction occurred after preliminary oxidation by performic acid. This is in accord with Danielli's (1947 Danielli's ( , 1950 use of this acid to prevent tryptophane in tissues reacting with tetrazotized benzidine (coupled alkaline tetrazonium method). The mechanism of this blockade may depend upon the oxidation of tryptophane by performic acid (Toennies and Homiller, 1942) to a compound, which these authors did not identify, but was found here, in vitro, to be a brownish-black pigment which, like melanin, failed to react with the DAB-nitrite method.
On relating the reactions obtained with DAB in tissues to those seen in vitro, on one hand it may be inferred that in the absence of nitrite the reaction only proceeds to stage 1 (vide supra). This stage probably represents that obtained in the indole reaction, as described by Lison (1936) , in which no oxidizing agents were employed. On the other hand, in the presence of nitrite the reaction proceeds rapidly to stage 2, with the production of a blue pigment of much greater intensity than the red or reddish-violet pigment formed in stage 1. However, if Lison's DAB-hydrochloric acid-ethyl alcohol mixture was applied, boiling, to alcohol-fixed tissue sections then irregular areas of faint blue as well as the usual reddish-violet pigments were seen. From this it is inferred that atmospheric oxidation at higher temperatures is able in tissues to effect, although incompletely, the formation of the blue pigment of stage 2.
(c) Histochemical Findings.-In the tissues it was found for the most part that a strong reaction with DAB occurred at sites where, by biochemical analysis (see Table) , a high concentration of tryptophane might be expected. However, there were (Danielli, 1947) . At first the keratin of the hair cortex was found to give no reaction for tryptophane after the application of the standard technique. However, this keratin after alkaline hydrolysis gave a moderately strong reaction. This suggests that, in the case of the keratin of hair, tryptophane was accessible to the DAB reagent only after preliminary rupture of its molecular structure, probably by destruction of disulphide bonds by alkaline hydrolysis (Cuthbertson and Phillips, 1945) . Although it cannot be argued that the presence of a strong histochemical reaction for 3-indolyl derivatives in, or around, a cell known to secrete a tryptophane-rich substance of necessity localizes this secretion at that point, it is of interest nevertheless that a strong reaction for tryptophane was found in pancreatic zymogen granules (Fig. 2) and the granules of gastric peptic cells. Both of these types of granules may be concerned in the formation of the tryptophane-rich (see Table) alimentary proteolytic enzymes (Bourne, 1951) . Likewise a strong reaction with the DAB-nitrite method was found in the granules of the intestinal Paneth cells (Fig. 3) . These cells also are concerned with the secretion of certain intestinal peptidases (Bourne, loc. cit.) . The strong reaction found in the thyroid group.bmj.com on August 27, 2017 -Published by http://jcp.bmj.com/ Downloaded from colloid (Fig. 4) is probably related to the relatively high content of tryptophane in all globulins, if not partly to thyroglobulin itself.
In the case of the enterochromaffin system, the argentaffin granules cannot, as reported by Barter and Pearse (1953) , be seen in tissues not fixed in formalin. Likewise these argentaffin granules and cells could not be demonstrated with the DABnitrite method after alcoholic fixation. However, in sections of part of a malignant argentaffinoma, fixed in 70% alcohol, a moderately strong nongranular reaction was obtained with the DABnitrite method in the cytoplasm of cells lining the periphery of most lobules of this tumour (Fig. 5) . The distribution of this blue-staining material coincided with that of a strong positive granular reaction seen in formalin-fixed sections of the same carcinoid with the ferric ferricyanide reduction (Fig. 6) , direct silver reduction, and alkaline diazonium methods. From this it is inferred that the cytoplasmic material, from which the granules are formed during formaldehyde-fixation, contains a 3-indolyl derivative. This finding is consistent with the histochemical identification of serotonin in the argentaffin granule by Barter and Pearse (1955) .
A further interesting finding was the presence of a strong reaction for tryptophane in the "neurokeratin" of the myelin sheaths of peripheral nerves (Fig. 7) . " Neurokeratin " is probably formed as an artefact of fixation from the thin unimolecular layers of protein which, as seen by x-ray diffraction and under the electron microscope, alternate with layers of lipid in the cylindroconic units of the myelin sheath of peripheral nerves (Schmitt, 1950; Fernandez-Moran, 1950) . It is hoped that the DAB-nitrite technique will be of value for the histochemical identification of tryptophane and related compounds. Its value lies in the ease of its performance and its high specificity, since the substance demonstrated, a 3-indolyl derivative, forms an essential part of the molecule of the blue pigment formed. Summary A technique for the demonstration of tryptophane and related compounds has been reinvestigated in vitro and applied to histochemical use.
Tryptophane and related 3-indolyl derivatives condense with p-dimethylaminobenzaldehyde and subsequently form a strong blue pigment after oxidation with nitrite.
Alcohol fixatives are recommended; short fixation in formaldehyde may be used; fixation in chromates should be avoided.
A strong reaction for tryptophane was given by many tissues, in particular, "neurokeratin" of the myelin sheath, the cytoplasm of some neurones, pancreatic zymogen granules, Paneth cell granules, and muscle fibres. A moderate reaction was found in the cytoplasm of some cells of a malignant argentaffinoma.
I am greatly indebted to Professor D. S. Russell for her advice and interest in this work, to Mr. K. Swettenham for technical assistance, and to Mr. A. L. Gallup for the photomicrographs. Addendum Since this paper was submitted for publication a histochemical method for tryptophane has been published by Lillie (1956) . This method, which involves exposure for five minutes to 5% DAB dissolved in a 1:3 solution of concentrated hydrochloric and glacial acetic acids, would appear to be equivalent to stage 1 of the reaction described herein, since oxidation by nitrous acid (which greatly increased the sensitivity of our reaction) was not employed by Lillie. This might be tentatively confirmed by the less widespread occurrence of tryptophane in tissues as recorded by this author.
